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Appliance for water- jet surgery 

10 DESCRIPTION 

The invention relates to an appliance for water- jet surgery, in 
which a fluid is expelled from a nozzle under high pressure for 
the selective cutting of tissue. 

15 Customarily in the case of such an appliance a supply cylinder 
having an (initially closed) outlet at one end is filled with a 
working fluid, such as Ringer solution, and at its other end is 
closed by means of a piston. This supply cylinder is then 
inserted into a stably positioned chamber in an appliance 

20 housing. After closure of the housing an actuating rod driven 

by a hydraulic cylinder is placed in contact with the piston in 
the supply cylinder. Now the known appliance is ready for 
operation. During operation the pressure that must be applied 
to the fluid is generated by the hydraulic cylinder. 

25 So that during an operation a sufficient amount of working 
fluid is available with no need to exchange the supply 
cylinder, a procedure that would involve a not inconsiderable 
interruption of the operation, the supply cylinder must have a 
relatively large volume. The larger the cylinder bore is made, 

30 the larger must be the force exerted by the hydraulic system, 
and hence a correspondingly greater stability is required of 
the receptacle for the supply cylinder. On the other hand, if 
the volume of the supply cylinder is increased by lengthening 
it, and hence lengthening the stroke of the piston, the result 

35 is an increase in the overall height of the appliance. The 
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present-day compromise has produced supply cylinders with a 
diameter of ca . 60 mm, with the result that the associated 
appliances are constructed as stands and have a height of ca . 
1,200 to 1,500 mm. The necessary actuation devices, i.e. the 
5 hydraulic cylinder along with the associated hydraulic pump, 
are extremely elaborate and very awkward to use. 

Furthermore, in the case of "small" operations for which only a 
slight amount of fluid is used, the excess working fluid must 
be discarded because of the sterility requirements for a 
10 working fluid, which increases the operating costs of the known 
appliance . 

It is the objective of the invention to disclose a simple 
appliance that enables economical operation while reducing the 
structural complexity . 

15 This objective is achieved in the case of an appliance for 

water-jet surgery by providing a plurality of supply cylinders, 
in which a working fluid is stored and from which the fluid can 
be expelled through an outlet into a pressure conduit, by means 
of a piston. At least one actuation device is provided to 

20 actuate the pistons. In addition, a change-over device is 

provided by means of which the actuation is shifted from the 
piston of one supply cylinder to the piston of another supply 
cylinder, so that the working fluid can be expelled into the 
pressure conduit from the supply cylinders one after another, 

25 as they are consecutively emptied. 

Thus an essential point of the invention resides in the fact 
that the one (single) supply cylinder previously provided is 
here subdivided into a plurality of correspondingly smaller 
supply cylinders. This measure solves several problems 
30 simultaneously. First, because of their reduced diameter the 

smaller supply cylinders can can be made of a weaker material, 
which nevertheless can resist the prevailing (very high) 
pressures. Second, the necessary working pressure can be 
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produced with less force, so that the necessary actuation 
devices can be more simply constructed. Third, the appliance 
can be made very much smaller (e.g., can be set onto a table), 
on account of the smaller stroke of the pistons. And fourth, 
5 during a "relatively small" operation fewer supply cylinders 
are used up than in a "larger" operation; in the present 
appliance, the supply cylinders that have not been used are 
available for a subsequent operation, as their sterility is 
still ensured. 

10 Preferably the change-over device is so constructed that there 
is some overlap between the consecutive periods during which 
pistons are actuated, so that the expulsion of fluid into the 
pressure conduit produced by their actuation is uninterrupted. 
Whereas on one hand, in the case of the conventional large- 

15 volume supply cylinders, such an uninterrupted supply of 

working fluid is ensured by the large fluid volume, with the 
present invention this uninterrupted supply of fluid is very 
efficiently achieved . 

Preferably sealing devices are provided to make the fluid 
20 outlet on the supply cylinder water-tight, so that no manual 
coupling is needed for a firm connection; instead, a forceful 
automatic/mechanical coupling of the supply cylinder to the 
sealing device suffices. 

An overlapping actuation of the pistons is especially simple 
25 when a plurality of actuation devices is provided. Then there 

is no need to move the actuation devices from one piston to the 
next; when the number of actuation devices corresponds to the 
number of supply cylinders in the device, a simple (electronic) 
control means can implement the change-over. However, it is 
30 also possible to work with a smaller number of actuation 

devices (only one, in the minimal case) if the change-over 
device ensures that the actuation device is always guided to 
the next in a sequence of new supply cylinders. 
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The pistons are preferably provided with back-flow barriers, 
such that after working fluid has been ejected by a piston, the 
piston cannot be pushed back into a previous position from the 
position it has reached, in particular from its final position 
5 after all the working fluid has been ejected. By this means it 
can be ensured that refilling is prevented and hence the 
possibility of working with unsterile medium can be reliably 
eliminated. 

At the outlet of the supply cylinder an irreversibly openable 
10 transport gasket is preferably provided. This measure likewise 
makes it possible for the use of unsterile medium to be 
prevented. Furthermore, such an irreversibly openable transport 
gasket can be very simply constructed and designed in such a 
way that it opens automatically when a supply cylinder is put 
15 into place or when it is first actuated. Because of the very 

high pressures employed here, . it is possible also to construct 
the transport gasket so that it opens automatically when 
pressure is first applied. 

Preferably a change-over magazine is provided, which 
20 accommodates a group of supply cylinders. This makes handling 

of the apparatus particularly simple, both during the insertion 
of multiple supply cylinders into the appliance and when 
individual actuation devices are being changed over from one 
supply cylinder to another. The change-over magazine preferably 
25 comprises chambers that closely surround the supply cylinders. 
In this case the supply cylinders can be constructed with an 
especially thin wall, which expands somewhat as the pressure 
builds up and then becomes apposed to the walls of the change- 
over magazine. The receptacle can also be made with sufficient 
30 shape stability to withstand the pressure without becoming 
form-fitted to the housing. 



In the change-over magazine collection devices are preferably 
provided, to guide the working fluid from several supply 
cylinders to the pressure conduit. This is especially 
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advantageous when the working fluid is being conducted in an 
overlapping manner from various supply cylinders. 

Preferably ventilation devices are provided, in particular to 
remove air simultaneously from conduit sections between the 
5 outlets of the supply cylinders and the pressure conduit, so 

that there is no interruption or pulsation of the working fluid 
associated with the release of air remnants. Preferably the 
ventilation devices are disposed in the change-over magazine. 

In one embodiment of the invention the change-over magazine is 
10 fixedly connected to the pressure conduit and is intended to be 
used only once. In this case the change-over magazine can 
already be filled with supply cylinders by the manufacturer, so 
that although the advantage of saving working liquid (as well 
as the supply cylinders) is no longer obtained, all the other 
15 advantages cited above are nevertheless preserved. A special 
advantage in this case is the ease of manipulation, in 
particular with regard to sterility criteria. 

Preferred embodiments of the invention will be apparent from 
the subordinate claims and the following exemplary embodiments, 
20 which are explained in greater detail with reference to 
drawings, wherein 

Fig. 1 is a schematic sectional drawing of a first 



embodiment of the invention with inserted magazine, 
prior to actuation, 



25 



Fig. 2 



shows the arrangement according to Fig. 1 during the 
initial phase of actuation of one cylinder, 



Fig. 3 



shows the previously illustrated arrangement during 
the expulsion of working fluid, 
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Fig. 4 



shows the previously illustrated arrangement when one 
supply cylinder is empty and another supply cylinder 
is being actuated, 



Fig . 5 



is a perspective drawing of part of the arrangement 
according to Figs. 1-4, 



5 



Fig. 6 



is a perspective drawing of part of another 
embodiment of the invention, 



Fig . 7 



is an exploded drawing of part of the arrangement 
according to Fig. 6, and 



10 



Fig. 8 



is a schematic drawing of a control means for the 
arrangement according to Figs. 1-5. 



In the following description, the same reference numerals are 
used for identical parts or parts with identical actions. 

In the first embodiment of the invention, shown in Figs. 1-5, 
15 an appliance housing 1 is provided that comprises an opening 2 
on its front side, into which a change-over magazine 40 can be 
inserted . 

The change-over magazine contains a plurality of supply 
cylinders 10-1 to 10-n; in the embodiment shown here, there are 
20 8 such supply cylinders 10. It is evident in the drawings that 
in this case the supply cylinders 10 have been constructed 
directly within the change-over magazine or are formed by the 
magazine itself, and have not been inserted as separate 
cylinders . 

25 Each of the supply cylinders 10 comprises a piston 12 that 

closes the cylinder at one end. In the interior of the supply 
cylinders 10 a working fluid, in particular Ringer solution, is 
enclosed in a leakproof manner. 
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Each supply cylinder communicates with an outlet 13 having a 
collection channel 45, which in turn is connected to a pressure 
conduit 20. 

The pistons 12 comprise — as shown in the enlarged section of 
5 Fig. 4 — a back-flow barrier 14 that keeps the piston 12 in its 
final position, i.e. when all the fluid has been expelled, as 
is known per se for single-use syringes. 

After being inserted into the opening 2 of the housing 1, the 
change-over magazine 40 is locked to a holder 41, so that it is 
10 firmly retained within the appliance housing 1. 

Within the housing 1 there are additionally provided actuation 
devices 30-1 to 30-n, which are shown here as hydraulic 
cylinders but can of course also be designed as electrically 
driven recirculating ball screws or the like. 

15 Each of the actuation devices 30 comprises a plunger 31, which 
is disposed in the housing 1 in such a way that when the 
change-over magazine 40 is in position, the actuating plungers 
31 are situated opposite the pistons 12 that face them. 

The insertion position, i.e. the position of the components 
20 immediately after the change-over magazine 40 has been inserted 
into the housing 1, is shown in Fig. 1. In this position the 
collection channel 5 and the pressure conduit 20 are still 
empty. 

Now when the first actuation device 30-1 is actuated, so that 
25 its plunger 31 is driven forward, the plunger — as shown in 

Fig. 3 — presses the piston 12 into the supply cylinder 10, so 
that fluid 11 passes through an outlet 13 of the first supply 
cylinder 10-1 into the collection channel 45 and through the 
latter into the pressure conduit 20, which conducts it to the 
30 working instrument (not shown) . 
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As soon as the first supply cylinder 10-1 is empty (see Fig. 
4), another supply cylinder 10-n is "triggered" to deliver its 
stored working fluid 11 by way of the plunger 31 of the 
associated actuation device 30-n. As this occurs, the piston 12 
5 of the emptied supply cylinder 10-1 is retained in its final 

position by the back-flow barrier 14, so that any force exerted 
by fluid emerging from the supply cylinder 10-n and present in 
the collection channel 45 cannot cause this piston 12 to be 
pushed backward . 

10 The embodiment shown in Figs. 6 and 7 differs from that 

according to Figs. 1 - 5 in particular in that the change-over 
magazine 4 0 comprises chambers 42 into which individual supply 
cylinders 10 can be inserted as separate "structural 
components' 7 . In this arrangement the change-over magazine 40 

15 can be rotated about its axis, allowing supply cylinders 10-1 
to 10-n to be consecutively positioned so that their outlet 13 
is connected to a sealing device 43, which mediates a leakproof 
connection between the associated supply cylinder 10 and the 
pressure conduit 20. These drawings show an opening needle 44, 

20 which is provided to open closure devices (not shown) on the 
outlets 13 of the supply cylinders 10; this needle opens the 
closure device of the relevant supply cylinder 10 whenever the 
sealing device 43 is pressed against the outlet 13 of the 
supply cylinder 10. Exchanging of the supply cylinders 10 by 

25 rotation of the change-over magazine 40 thus corresponds 
somewhat to the replacement of cartridges in (or at the 
entrance to) the barrel of a revolver. 

Figure 8 shows a — highly schematic — control means for the 
appliance according to Figs. 1-5. 

30 This control means comprises a computer 25 that is in 

controlling communication with the actuation devices 30-1 to 
30-n. The plungers 31 of the actuation devices 30-1 to 30-n, 
which in the present case are constructed as electromotor 
drives (e.g., with recirculating ball screws), exert pressure 
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on the pistons 12 of the supply cylinders 10. The force thus 
employed can in this embodiment be controlled by the current 
with which the electromotors Mi - M n are driven by the computer 
25. 

5 The outlets of the supply cylinders 10 are connected to the 

collection channel 45. Between the various supply cylinders 10 
and the collection channel 45 are provided back-flow barriers 
14, here constructed as back-flow valves, disposed in such a 
way that the pressure in the collection channel 45 can in no 
10 case have an effect on a piston 12 that at the moment is not 
being actuated with the corresponding force. 

Between the collection channel 45 and the pressure conduit 20 
leading to a working instrument 5, a ventilation device 4 6 is 
provided. 

15 In addition path sensors 32 are provided, which send a signal 
to the computer 25 at least when the associated plunger 31 has 
reached its final position. 

With the arrangement shown in Fig. 8 it is now possible to 
drive the actuation devices 30-1 to 30-n in such a way that the 
20 supply cylinders can be emptied one after another, and even in 
such a way that their emptying periods overlap, so that the 
operator is not disturbed by fluctuations in pressure of the 
working fluid. 

From the above it will be evident that a combination of the 
25 individual characteristics explained here is readily possible. 
For example, the magazine shown in Figs. 6 and 7 can also be 
replaced by one according to Fig. 5 (to be used only once) . 
Control by the computer 25 shown here can of course be replaced 
by provision of a corresponding cam-disk mechanism. 
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List of reference numerals 





1 


Appliance housing 




2 


Opening 




5 


Working instrument 


5 


10 


Supply cylinder 




11 


Fluid 




12 


Piston 




13 


Outlet 




14 


Back-flow barrier 


10 


20 


Pressure conduit 




25 


Computer 




30 


Actuation device 




31 


Plunqer 




32 


Ppi f" h o n q y 
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15 


40 


Change-over magazine 




41 


Holder 




42 


Chamber 




43 


Sealing device 




44 


Opening needle 


20 


45 


Collection channel 




46 


Ventilation device 




50 


Change-over device 



